The genus Russula is one of the largest in Agaricales and contains more than 100 species in forests worldwide. The family Russulaceae (subdivision Basidiomycotina) are important symbionts, forming mycorrhiza with higher plants and trees. The fungal subdivision Basidiomycotina produces many toxic sesquiterpenes derived from the protoilludane skeleton, which is transformed and rearranged to various sesquiterpenes, including marasmane sesquiterpenes, 1 which were discovered more than 50 years ago 2 and have antibacterial, antifungal, cytotoxic and phytotoxic activities. 3, 4 Although a number of Lactarius species have been studied with regard to their secondary metabolites, marasmane sesquiterpenes, particularly, 1 the Russula mushrooms have been rarely investigated, despite the large number of species. Therefore, as a part of a systematic study of Korean poisonous mushrooms, 5, 6 we investigated the constituents of the fruiting bodies of the mushroom R. foetens, widely distributed throughout Korea and other East Asian countries. This is a poisonous mushroom that contains gastrointestinal irritants and several marasmane sesquiterpenes. 7, 8 Column chromatographic separation of its MeOH extract resulted in the isolation of a new marasmane sesquiterpene lactone named russulfoen (1), together with two known marasmane sesquiterpene lactones, 7a,8a,13-trihydroxy-marasm-5-oic acid g-lactone (2) 9 and 8a,13-dihydroxy-marasm-5-oic acid g-lactone (3), 8 one known ergosterol, (22E,24R)-5a,8a-epidioxyergosta-6,22-dien-3b-ol (4), 10 as well as (1R,2R)-1-phenylpropane-1, 2-diol (5) 11 that was isolated from the natural source for the first time (Figure 1 ). Their structures were elucidated on the basis of spectroscopic studies, including 2D-NMR experiments. In this study, we describe the isolation and structural elucidation of 1 and the cytotoxic activities of compounds 1-5.
The genus Russula is one of the largest in Agaricales and contains more than 100 species in forests worldwide. The family Russulaceae (subdivision Basidiomycotina) are important symbionts, forming mycorrhiza with higher plants and trees. The fungal subdivision Basidiomycotina produces many toxic sesquiterpenes derived from the protoilludane skeleton, which is transformed and rearranged to various sesquiterpenes, including marasmane sesquiterpenes, 1 which were discovered more than 50 years ago 2 and have antibacterial, antifungal, cytotoxic and phytotoxic activities. 3, 4 Although a number of Lactarius species have been studied with regard to their secondary metabolites, marasmane sesquiterpenes, particularly, 1 the Russula mushrooms have been rarely investigated, despite the large number of species. Therefore, as a part of a systematic study of Korean poisonous mushrooms, 5, 6 we investigated the constituents of the fruiting bodies of the mushroom R. foetens, widely distributed throughout Korea and other East Asian countries. This is a poisonous mushroom that contains gastrointestinal irritants and several marasmane sesquiterpenes. 7, 8 Column chromatographic separation of its MeOH extract resulted in the isolation of a new marasmane sesquiterpene lactone named russulfoen (1), together with two known marasmane sesquiterpene lactones, 7a,8a,13-trihydroxy-marasm-5-oic acid g-lactone (2) 9 and 8a,13-dihydroxy-marasm-5-oic acid g-lactone (3), 8 one known ergosterol, (22E,24R)-5a,8a-epidioxyergosta-6,22-dien-3b-ol (4), 10 as well as (1R,2R)-1-phenylpropane-1, 2-diol (5) 11 that was isolated from the natural source for the first time (Figure 1 ). Their structures were elucidated on the basis of spectroscopic studies, including 2D-NMR experiments. In this study, we describe the isolation and structural elucidation of 1 and the cytotoxic activities of compounds 1-5.
The air-dried and powdered fruiting bodies of R. foetens (7.2 g) were extracted with 80% MeOH two times at room temperature and filtered. The filtrate was evaporated under vacuum to afford a methanolic extract (1.3 g), which was suspended in H 2 O, and then partitioned with n-hexane, CHCl 3 and n-BuOH, successively, yielding n-hexane (90 mg), CHCl 3 (120 mg) and n-BuOH fractions (150 mg). Each fraction was evaluated for cytotoxicity against A549, SK-OV-3, SK-MEL-2 and HCT-15 cell lines using the sulforhodamine B assay. It was found that the n-hexane and CHCl 3 soluble fractions were of moderate cytotoxicity against the tumor cell lines. The n-hexane soluble fraction (90 mg) was separated on a Sephadex LH-20 (Pharmacia, Uppsala, Sweden) column with CH 2 Cl 2 -MeOH (1:1) as the eluent to give three fractions (H1-H3). Fraction H2 (12 mg) was further purified by normal-phase preparative HPLC using a solvent of n-hexane-EtOAc (1:1) at a flow rate of 2.0 ml min À1 (Apollo Silica 5 mm column (Alltech, Nicholasville, KY, USA), 250Â10 mm) to give compound 4 (5 mg). The CHCl 3 soluble fraction (120 mg) was separated on a Sephadex LH-20 column with CH 2 Cl 2 -MeOH (1:1) as the eluent to give two fractions (C1-C2). Fraction C2 (25 mg) was further purified by RP-C 18 preparative HPLC (Econosil RP-18 10 m column (Alltech), 250Â10 mm; 60% MeOH) to afford compounds 2 (3 mg) and 5 (3 mg). The n-BuOH soluble fraction (150 mg) showing weak cytotoxicity was also separated on a Sephadex LH-20 column with CH 2 Cl 2 -MeOH (1:1) as the eluent to give four fractions (B1-B4). Fraction B3 (30 mg) was further purified by RP-C 18 preparative HPLC (Econosil RP-18 10 m column, 250Â10 mm; 60% MeOH) to give compounds 1 (4 mg) and 3 (3 mg).
Compound 1 was obtained as a colorless oil. Its molecular formula was determined to be C 15 4 , 267.1596) in the positive-ion highresolution FAB-MS spectrum. The IR spectrum of 1 showed a broad hydroxyl band at 3388 cm À1 and a g-lactone carbonyl absorption at 1751 cm À1 . Its UV spectrum revealed end absorption l max 217 nm with low extinction. The physico-chemical properties of 1 are summarized in Supplementary Information. The 1 H-and 13 C-NMR spectral data of 1 are shown in Table 1 .
The 1 H-NMR spectrum (Table 1) Figure 1) .
The coupling constant (J¼11.0 Hz) for H-8 and H-9 suggested that they exist as trans form. 9 The absolute configurations of 1 were established on the basis of the convenient Mosher ester procedure in combination with NOESY experiment. 12 H-14, and between H-9 and H-14 in the NOESY spectrum suggested that the cyclopropane ring at C-3/6 takes the a-orientation and the oxygenated methylene group of C-14 also takes the a-orientation (Figure 2) . Thus, the structure of 1 was established as 8a,13,14-trihydroxymarasm-5-oic acid g-lactone and the compound was named russulfoen. Cytotoxic activities of the isolated compounds (1-5) were evaluated against the A549, SK-OV-3, SK-MEL-2 and HCT-15 human tumor cell lines in vitro using the sulforhodamine B assay. 13 The marasmane sesquiterpenes (1-3) exhibited moderate cytotoxicity against the A549, SK-OV-3, SK-MEL-2 and HCT-15 cell lines (Table 2) . Compound 4 also exhibited moderate cytotoxicity against the four human tumor cell lines. 
